Abstract: It has been reported that in Western society as many as 16% of individuals experience cervicogenic headache, which can lead to signifi cant amounts of pain and perceived disability. Cervicogenic headache is characterized by unilateral occipital-temporal pain that is increased by neck movement; it is accompanied by cervical hypomobility, postural changes, and/or increased cervical muscle tone. This case report describes the physical therapy differential diagnosis, management, and outcomes of a patient with cervicogenic headache. The patient was a 40-year-old woman referred by her physiatrist with complaints of cervical pain and ipsilateral temporal headache. The patient presented with increased muscle tone, multiple-level joint hypomobility in the cervical and thoracic spine, muscle weakness, and postural changes. Self-report outcome measures included the Visual Analog Scale for headache pain intensity and the Neck Disability Index. Management consisted of various thrust and non-thrust manipulations, soft tissue mobilizations, postural re-education, and exercise to address postural defi cits and cervical and thoracic hypomobility and diminished strength. At discharge, the patient demonstrated clinically meaningful improvements with regard to pain, disability, and headache. This case report indicates that a multimodal physical therapy treatment program may be effective in the management of a patient diagnosed with cervicogenic headache.
C ervicogenic headaches are commonly encountered in physical therapy (PT) practice. Cervicogenic headache is a headache type validated recently by the International Headache Society (IHS) that is hypothesized to originate due to nociception in the cervical area. In a Scandinavian population study, its prevalence was established at approximately 16% 1 . Table 1 outlines the diagnostic criteria for cervical headaches as described by the IHS 2 . Horn and Smith 3 reviewed the literature on approaches to management of cervicogenic headache using orthopedic manual physical therapy (OMPT) principles. They recommended careful examination to identify all impairments, to provide a differential diagnosis, and to plan appropriate intervention. Recommended interventions included joint mobilization, soft tissue mobilization, retraining of specifi c postural muscle groups, and patient education. The authors recommended that emphasis should be placed on home and self-management skills and on increasing patient understanding of the predisposing factors with regard to cervicogenic headache. Jull 4 also described the importance of an accurate differential diagnosis ascertaining the cervical musculoskeletal origin of the headache to assure success with management of a cervical headache patient. She described the history and symptomatic features of cervical headache following the description of the IHS 2 , and she noted the role of physical impairments in the articular, muscular, and nervous system. She suggested that the diagnosis
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of cervical headache was dependent on the presence of both articular and muscle impairments, accompanied by acute or chronic poor neuromotor control. The presence of painful upper cervical joint dysfunction accompanied by impairments in the deep cervical fl exors, scapular postural muscles, and cervical kinaesthesia can indicate that a headache is cervical in origin 4 . Other physical impairments that are often present in a cervical headache patient include postural abnormalities, muscle tightness, and neural tissue mechanosensitivity. However, Jull 4 also noted that the absence of the above impairments does not necessarily preclude a cervical headache diagnosis. Jull 4 emphasized the importance of specifi c retraining of upper cervical fl exor muscles, the lower trapezius, and serratus anterior, combined with postural retraining and ergonomic and lifestyle advice.
Various authors have identifi ed current approaches in the management of cervical headaches using OMPT principles 3, [5] [6] [7] [8] [9] [10] [11] . Intervention may include joint mobilization/manipulation, soft tissue mobilization and stretching techniques, retraining specifi c postural muscle groups, and patient education. This literature suggests that emphasis should be placed on addressing joint mobility, posture, muscle strength, and imbalances in the upper back and neck with attention also directed toward life style, habits, and stress management.
The literature discussed above provides preliminary evidence to demonstrate the utility of a thorough clinical examination as well as the effectiveness of OMPT intervention as a component of a multimodal approach to managing patients with cervicogenic headaches. The purpose of this case report is to describe the PT differential diagnosis and management of a patient with cervical headaches.
Case Description
The patient was referred by her physiatrist to an orthopaedic outpatient PT clinic with a diagnosis of cervical spondylosis, myofascial pain, and headaches. An ABPTS (American Board of Physical Therapy Specialties)-certifi ed orthopedic PT clinical specialist, who was also certifi ed in manual therapy and had 15 years of clinical experience, performed the standardized examination described below. The examination followed the spinal evaluation format as described by Paris and Loubert 12 ( Table 2) . 1. Pain localized in the neck and occiput, which can spread to other areas in the head, such as forehead, orbital region, temples, vertex, or ears, usually unilateral.
2. Pain is precipitated or aggravated by specifi c neck movements or sustained postures.
3. At least one of the following: i. Resistance to or limitation of passive neck movements ii. Changes in neck muscle contour, texture, tone, or response to active and passive stretching and contraction iii. Abnormal tenderness of neck musculature 4. Radiological examination reveals at least one of the following:
i. Movement abnormalities in fl exion/extension ii. Abnormal posture iii. Fractures, congenital abnormalities, bone tumors, rheumatoid arthritis, or other distinct pathology (not spondylosis or osteochondrosis) 
Pain Assessment
Headache pain intensity was assessed using a visual analog scale (VAS). The VAS is a self-report instrument that consists of a 100-mm straight horizontal or vertical line that is anchored by two extremes of pain: "no pain" and "pain as bad as it could be" 13 . Test-retest reliability of the VAS was established as good to excellent (κ=0.71-0.99). Correlation with the McGill Pain Questionnaire was fair (r=0.30) and correlation with the Numeric Pain Rating Scale was excellent (r=0.95) 14 . Data on interpretation indicate that a score >30 (mm) is equal to or greater than "moderate" pain and a score >54 (mm) is equal to or greater than "severe" pain. The minimal detectable change on the VAS is 28 (mm) 15 . The VAS was used to describe the patient's current pain and the worst pain over the last 24 hours. The rating by this patient on the VAS scale was 20 (mm) in the early mornings, increasing to 80 (mm) later in the day. Current pain rating was 34 (mm) and average rating was 41 (mm). The frequency of the headaches was two to three times per week; the duration of the headaches fl uctuated from one day to three days.
The patient reported that her headaches limited her in performing several functional activities: lifting and carrying more than 5 lbs, grocery shopping, maintaining a prolonged fl exed posture, spending suffi cient time with the children in her class, and performing repetitive reaching (especially overhead activities), and housekeeping. In addition to verbal report, the Neck Disability Index (NDI) 16 was used to identify the patient's disability level in a more standardized manner. The NDI consists of ten sections with questions ranging from pain intensity and headache frequency to interference with personal care, work, and recreation. Every question has six answers to choose from, grading the activity from easy to perform without any pain to not being able to perform the activity at all. The NDI is easy to use in the clinical setting to monitor change in functional status. The instrument has good test-retest reliability (ICC=0.89-0.94) and internal consistency (Crohnbach's α=0.80-0.87) 16 . Responsiveness estimates indicate that a change score of >7 points represents the minimal clinically signifi cant difference for this outcome measure and it is thereby indicative of a clinically meaningful change; a change score of <3 points rules out a change 14 . Construct validity is good, as expressed by correlation with the Patient-Specifi c Functional Scale and Short Form-36 functional outcomes measures (r=0.54-0.81) 16 . This patient's score was 20 out of a possible 50, which is indicative of a moderate disability (this category ranges from 15-24) 16 .
Initial Observation
The patient presented at the initial visit in no apparent distress. She demonstrated no guarding of the upper extremities. Right rotation movement guarding involving the neck was noticed as the patient positioned herself in a chair so as to avoid having to look right towards the physical therapist, who was seated to her right.
History and Interview

PRESENT HISTORY
The patient was a 40-year-old Caucasian female who was employed as a kindergarten teacher. Her symptoms of neck pain and headache had started three years before with no known cause. The patient's present complaints were right-sided occipital and temporal headaches. Over time the frequency, duration, and intensity of the headaches had increased, leading to an increased frequency of missing work. Pain-increasing factors included stress and working at the low tables in a stooped posture for more than 30 minutes. Pain-relieving factors were resting, supporting the head in a supine or reclined position, and taking over-the-counter anti-infl ammatory medications. The pain intensity of the headache generally would increase as the day progressed. The headache and neck pain was occasionally present at night when at its worst. Change in position of the neck decreased the intensity of the pain.
PREVIOUS HISTORY
The patient's medical system screening was negative. Specifi c areas of interest related to headache symptoms were included in the history. The patient was asked if she had any vision, hearing, smell, or taste problems to screen for diseases of the eye, ear, nose, or throat. The patient was also asked if she experienced any vomiting associated with nausea, sleepiness, dimmed vision, or a stiff neck with severe increasing headache to screen for traction or infl ammatory headaches caused by mass lesions, such as tumors, edema, or hematoma, migraine headaches, cluster headaches, and hypertensive headaches. Additional screening was performed for vertebral artery defi ciency symptoms, including a negative patient report of position-dependent dizziness and blurred vision. The patient denied any history of cervical trauma. Up to fi ve years before, she had worked as a roofer and had performed heavy lifting activities. The patient indicated she was in general good health. The patient was a physically active individual who enjoyed going to the gym, which she had not done as much as she would have liked to in the last three months due to the severity of her headaches. She was married and had a teenage daughter. No data were found with regard to the diagnostic accuracy of the history items used to exclude non-musculoskeletal pathology, other headache types, and vertebral artery defi ciency. 
MEDICATION HISTORY
The patient was not taking any prescription medication. She used over-the-counter anti-infl ammatory medication when her symptoms were at their worst.
BEHAVIORAL ASPECTS
The patient's primary concern was her loss of function resulting from the increasing symptoms she was experiencing.
Her decreased ability to continue her active lifestyle and the impact on her family life were primary motivators for seeking PT treatment.
Structural Inspection
Visual postural observation revealed a slight degree of forward head posture with protracted shoulders (right more noticeable than left), decreased curvatures of the thoracic and cervical spine, and right scapular winging. The patient was unable to maintain a corrected posture for >30 (s) at the time of the initial evaluation due to reported muscle fatigue.
Intrarater reliability of visual assessment of spinal curvature has been reported as moderate (κ= 0.50) and interrater reliability as poor (κ= 0.16) 17 .
Active Movements
Active range of motion assessment of the subcranial, cervical, and thoracic spine was performed using visual estimation with a 4-point rating scale consisting of the rating points no, minimal, moderate, and considerable restriction. It included forward (FB) and backward bending (BB), rotation (ROT), and sidebending (SB) in the frontal plane. These tests revealed considerable restriction in subcranial FB and right ROT, and moderate restriction in left SB. For this case report, the subcranial region was defi ned as including the C0-C2 spinal segments. Mid-cervical frontal plane right SB and ROT were moderately restricted; frontal plane left SB was minimally restricted. Moderate restriction was noted in right SB and ROT in the upper thoracic region. Youdas et al 18 reported on interrater reliability of visual estimation of active range of motion in degrees. They reported ICC=0.42 for cervical fl exion and extension, 0.63 for SB, and 0.70-0.82 for ROT (one side at a time).
Palpation for Condition, Position, Mobility
Palpation for condition revealed increased muscle tone and tenderness of the suboccipital, bilateral upper and lower trapezius, levator scapulae, and rhomboid muscles, most pronounced on the right side. Palpation of the right-sided C1-C2 and C2-C3 facet joints produced a pain response. The interrater reliability of pain provocation with palpation has been reported as low (κ=0.14-0.31) 19 to moderate-good (κ=0.42-0.79) 14, 20 . Aprill et al 21 found a 60% positive predictive value for occipital headaches originating in the C1-C2 joint with a combination of fi ndings including pain in the (sub)occipital region, tenderness on palpation of the lateral C1-C2 joint, and restricted C1-C2 rotation. The interrater reliability of palpation for muscle tone has been reported as low to moderate (κ=0.16-0.39) 22 . Palpation for position revealed the spinous processes of T6 and T8 in left rotated positions. Interrater reliability of palpation for vertebral position has been reported as poor (κ=-0.04-0.03) 23 , indicating that these particular test fi ndings should be interpreted with caution.
Palpation for mobility by way of passive intervertebral motion (PIVM) testing was performed after the vertebral artery test (discussed below) was found to be negative, using a 7-point rating scale (Table 3) . Mid-cervical PIVM was performed using the segmental sidebending technique (downslide, Fig. 1 ) and the direct facet palpation (upslide, Fig. 2 ) 24 . Subcranial PIVM included the use of the FB and BB nodding technique, ROT of occiput around long axis of the neck, ROT of the occiput on axis with neck fi xed in SB position, and SB slide of the atlas assessment technique 24 . Upper thoracic spine PIVM included the use of intervertebral palpation for mobility while passively moving the cervical spine in FB, BB, ROT, and SB 24 . First rib depression mobility was also assessed by way of an inferior-medial glide of this rib. Midthoracic PIVM included the performance of spring tests via the transverse processes for postero-anterior (PA) glide 25 . Considerable joint hypomobility was found in C0-C1 FB, C1-2 right ROT, C7-T1 right ROT and SB, and right fi rst rib depression. Slight joint hypomobility was found in C0-C1 left SB and C2-3 right ROT and SB. Slight joint hypermobility was found in C5-C6 right SB and ROT. Thoracic PA testing revealed slight hypomobility at T6-T8.
Smedmark et al 26 reported poor to moderate interrater reliability for PIVM in rotation of the cervical spine and for assessment of fi rst rib mobility (κ=0.28-0.43). Pool et al 27 reported similar fi ndings for interrater reliability of PIVM in cervical sidebending (κ=0.08-0.63). These authors also reported poor to substantial interrater reliability of pain provocation with PIVM testing (κ=0.22-0.80). These values are similar to the ranges reported by Huijbregts 28 in a review of reliability studies of spinal motion palpation. This review also reported that the intrarater reliability of PIVM of the cervical spine in the literature ranged from poor to excellent (κ=0.01-0.81) and that in the thoracic spine it was moderate (κ=0.43-0.55). Thoracic interrater reliability was reported as poor to fair (κ= -0.03-0.35). Jull et al 29 studied the diagnostic accuracy of manual diagnosis by a trained manipulative therapist in determining symptomatic facet joints in a series of 20 patients with cervical pain. The therapist performed a subjective examination followed by PA glides and PIVM testing in fl exion, extension, SB, and ROT, noting end-feel, resistance to motion, and pain reproduction in order to identify the presence and level of symptomatic facet joints. The gold standard test was pain relief on image-guided diagnostic nerve blocks. With sensitivity and specifi city both at 100%, manual diagnosis was as accurate as diagnostic nerve blocks in the diagnosis of cervical facet joint. Zito et al 30 reported that pain on manual examination of the upper cervical joints (C0-C3) could discriminate cervicogenic headache subjects from other subjects (controls and migraine-with-aura subjects) with an 80% sensitivity, compared to a gold standard of headache classifi cation based on the diagnostic criteria described by the IHS. Jull et al 31 reported intrarater reliability of manual examination as excellent (κ=0.78-1.0). 
Neurovascular Findings
Neurovascular assessment was unremarkable with normal upper-limb tension tests (ULTT) with median, ulnar, and radial nerve bias, deep tendon refl exes, and sharp and dull sensation tests of the upper extremities. Wainner et al 32 compared clinical tests for the diagnosis of cervical radiculopathy to the gold standard test of electrodiagnostic studies. They reported specifi city of 0.93-0.95 and sensitivity of 0.03-0.24 for upper extremity DTR testing; specifi city of 0.22 and sensitivity of 0.97 for the median nerve bias ULTT; specifi city of 0.33 and sensitivity of 0.72 for the radial nerve bias ULTT; and specifi city of 0.66-0.86 and sensitivity of 0.12-0.29 for dermatomal sensation testing of the upper extremity for the diagnosis of cervical radiculopathy.
Vertebral artery testing (VAT) was performed using the DeKleyn-Nieuwenhuyse (sustained extension-rotation) test and prolonged cervical extension 24 , both with negative results. The validity of VAT for the diagnosis of clinically significant perfusion abnormalities involving the posterior circulation is debated in the literature. Rivett et al 33 found that end-range positions of extension and rotation resulted in signifi cant reductions in blood fl ow velocity of the vertebral artery (as assessed by Doppler ultrasonography) in a sample of 20 symptomatic and asymptomatic patients. However, Licht et al 34 did not fi nd changes in fl ow velocity when studying 11 subjects undergoing vertebral artery testing. Zaina et al 35 also did not fi nd changes in volume fl ow rate of the vertebral arteries in 20 subjects in various degrees of cervical rotation.
Upper-Quarter Assessment
Upper-quarter strength assessment revealed muscle weakness of 3+/5 for the lower trapezius and serratus anterior muscles. Strength testing was performed using the 0-5 rating scale as described by Kendall et al 36 . Intra-and interrater reliability of manual muscle testing have been reported by multiple authors [37] [38] [39] [40] , with reported correlation coeffi cients for intrarater reliability ranging from 0.71-0.99 and interrater reliability ranging from 0.72-0.96, indicating good to excellent reliability. The patient populations included in these studies were patients with muscular dystrophy, upper extremity neuropathies, and a general orthopedic population. Muscles tested in these studies included both upper-extremity and lower-extremity muscles.
Neck fl exor muscle endurance was tested as described by Harris et al 41 . For this test, the patient, positioned in supine hook lying, was asked to lift her head with the chin maximally retracted one inch above the plinth. The patient was timed until the chin position was no longer maintained or the head was no longer maintaining the one-inch distance to the plinth. The intrarater reliability for this test was good to excellent (ICC=0.82-0.91) for subjects without neck pain, and the interrater reliability was moderate to good (ICC=0.67-0.78) for subjects with and without neck pain. In this reliability study, Harris et al found that the results for a group without neck pain (mean=38.95 (sec), SD=26.4) were signifi cantly different from the results for a group with neck pain (mean=24.1 (sec), SD=12.8). The patient in this case study was able to maintain the position for 18 (sec). This score was well below the mean scores for both the symptomatic and asymptomatic group mean scores reported by Harris et al. Based on the assumption of a normal distribution, standardized scores were calculated to interpret the patient's standing relative to symptomatic group (z= -0.46) and the asymptomatic group (z= -0.80); this patient's score was in the 32 nd percentile of the symptomatic group and in the 21 st percentile of the asymptomatic group substantiating a score well below the established mean for both groups and indicating to the authors of this case report the need for specifi c intervention.
Muscle length testing as described by Kendall et al 36 revealed muscle shortening in the right pectoralis minor and major, left pectoralis minor, right levator scapulae, and the bilateral upper trapezius muscles (right side more than left). Barr et al 37 reported good interrater reliability (ICC=0.76) and moderate to excellent intrarater reliability (ICC=0.33-0.97) for manual muscle length testing using a rating scale of normal or tight. Zito et al 30 reported a κ score range of 0.4-1.0 for muscle extensibility testing, classifying muscles either as normal or tight.
Imaging and Other Medical Data
Plain fi lm radiography using a lateral view of the cervical spine showed a loss of cervical lordosis and decreased disc space evident at C5-C6. Loss of cervical lordosis has been attributed to muscle spasm in response to underlying pathology 42 . McAviney et al 43 found that subjects with a lordosis of 20 0 or less on cervical radiographs were signifi cantly more likely to have cervical symptoms. They also found a statistically signifi cant relationship between the presence of cervical pain and a radiographic lordosis of 0 0 or less. In this study, the odds that a patient with cervical pain had a lordosis of 0 0 or less was 18 times greater than for a patient without cervical pain. However, Helliwell et al 44 compared the incidence of loss of radiographic cervical lordosis in patients with and without cervical pain and did not fi nd a such a relationship. Decreased height of disc spaces on the lateral view may be a radiographic indication of degenerative disc disease 42 . Kettler et al 45 found excellent agreement (κ=0.90) between the radiological observation of decreased disc height and macroscopically observed degenerative changes of the cervical intervertebral disc. Osteophyte formation was noted both anteriorly and posteriorly around the osseous margin of the endplates of the vertebral bodies of C5 and C6 in our patient.
/ The Journal of Manual & Manipulative Therapy, 2007
Summary of Findings
The patient presented with signs and symptoms characteristic of cervical headache as defi ned by the IHS 2 ( Table 2) . This patient presented with the following pathophysiologic impairments relevant to subsequent treatment planning:
1. Unilateral headaches and suboccipital pain, aggravated by head movements and prolonged fl exed posture 2. C0-C1 FB and left SB restriction 3. C1-C2 right ROT restriction 4. C2-C3 right ROT and right SB restriction 5. C5-C6 right ROT and right SB hypermobility 6. C7-T1 right ROT and right SB restriction 7. Right fi rst rib depression restriction 8. Hypomobility on T6-T8 PA testing 9. Increased muscle tone in the suboccipital, bilateral upper and lower trapezius, levator scapulae, and rhomboid muscles, most pronounced on the right side 10. Shortening of bilateral pectoralis minor and right pectoralis major, right levator scapulae, and the upper trapezius muscles 11. Decreased strength and endurance of trapezius, serratus anterior, and deep cervical fl exor musculature 12. Forward head posture, protracted shoulders, and slight right scapular winging
In our clinical opinion, the medical diagnosis of cervicogenic headache was supported by the fi ndings of the history and examination outlined above. Specifi cally, the headache pattern, the presence of cervical joint dysfunction, the presence of muscle tenderness and decreased extensibility, the abnormal posture and pathology reported in the radiological examination supported this diagnosis. The patient met all three criteria established by Aprill et al 21 and noted above for the diagnosis of cervicogenic headache, and the pain reported on manual examination of C0-C3 also satisfi ed the criteria established by Zito et al 30 discussed above. We recognize that limitations exist related to the psychometric data for the tests and measures used in the evaluation of this patient, especially with regard to low levels of reliability and/or validity reported in the literature and discussed above. The absence of psychometric data, such as minimal detectable change, for a number of the tests and measures limits their use as diagnostic tests and specifi cally as outcome measures. Thus, caution should be exercised when making diagnostic decisions or inferences regarding treatment outcomes based on these tests and measures. More specifi cally, of the tests done in the neurovascular examination, only the negative ULTT test would seem to have suffi cient sensitivity to confi dently exclude a diagnosis of cervical radiculopathy for this patient. Questionable construct validity and the complete absence of data on predictive validity with regard to adverse effects after thrust or nonthrust manipulation for the VAT render interpretation of its results questionable at best.
Palpation fi ndings clearly played a major role in the diagnosis of this particular patient. The reliability data for PIVM testing, palpation for condition, and palpation for tenderness of cervical facet joints suggest that the reliability is poor to moderate when these tests are performed in isolation. However, most relevant to this case report are studies by Jull et al 29 , Zito et al 30 , and Aprill et al 21 . These studies suggest that when the manual examination incorporates information from the subjective evaluation and information regarding joint mobility in multiple directions noting end-feel, resistance to motion, and pain reproduction, the psychometric properties of this compound manual examination in the cervical spine (interrater reliability, sensitivity, and specifi city) are such that confi dence can be placed in use of manual examination in the identifi cation of symptomatic cervical facet joints and in the discrimination of subjects with cervicogenic headaches from those with migraine headaches and control subjects. However, we again recognize that Zito et al 30 and Aprill et all 21 only established values for sensitivity (80%) and positive predictive value (60%), respectively, for their diagnostic criteria. Data on sensitivity are diagnostically useful only when tests are negative and then only when sensitivity values are high to rule out a condition and not to rule in a condition as was done here. Positive predictive values are only relevant if the prevalence in the study population is similar to the one encountered in the clinic.
Explanation and Prognosis
The results of a recent RCT 46 that tested the effectiveness of therapeutic exercise and manipulation on subjects with cervicogenic headache indicated that 75% of subjects achieved at least a 50% reduction in headache frequency. This study did not reveal a consistent pattern of predictors of successful short-and long-term treatment outcomes (defi ned as an at least 50% reduction in headaches) from variables in the demographics and headache history of the subjects. Absence of lightheadedness was a relevant and consistent prognostic indicator of successful long-term treatment outcomes only. The patient's age, the chronicity of the headache, and the presence of headaches of at least moderate intensity did not reduce the odds of successful treatment outcomes. Coeytaux and Spierings 47 indicated that a diagnosis of migraine might predict a less favorable prognosis than other types of headaches in patients receiving treatment in a specialized headache clinic. The authors did not further specify the exact type of treatment given to each patient. In this study, gender, age, age at headache onset, and the presence of a daily headache did not predict poor prognosis. Based on these studies, the patient in this case report would seem to have a good prognosis of achieving at least a 50% decrease in headache symptoms.
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The functional goals for the identifi ed impairments were as follows:
1. The patient reports a clinically signifi cant improvement, for her, in her ability to perform house work-activities. 2. The patient reports a clinically signifi cant improvement, for her, in her ability to perform lifting activities and grocery shopping. 3. The patient reports a clinically signifi cant improvement, for her, in her ability to perform work-related activities, such as working at the children's low desks in a prolonged fl exed posture. 4. The patient reports a clinically signifi cant improvement, for her, in her ability to perform recreational activities including reading and driving for several hours, and returning to a fi tness program.
Interventions
The interventions used in the treatment of this patient are summarized in table 4. Techniques used to improve mobility of the subcranial region included: C0-C1 Atlas Lateral Press (Fig. 3 ) and Unilateral Nod (Fig. 4) , C1-C2 Rotation in Sitting (Fig. 5) , and C2-C3 Facet Downward Slide (Fig. 6 ), all as described by Paris 24 . The Atlas Lateral Press technique was used to restore SB, and the Unilateral Nod technique was used to restore FB at C0-C1. The C2-C3 Facet Downward Slide technique was used to restore mobility of the C2-3 facet joint in the biomechanically coupled directions of right ROT and right SB.
At Week 5, a distinct and isolated joint restriction of C1-C2 rotation remained, and it was decided to use a high-velocity, low-amplitude (HVLA) thrust manipulation to treat this 
Week 4
Strength and endurance training of deep cervical fl exors, Increased intensity of headache to 68mm lower trapezius, and serratus anterior. Grade III-IV mobilization on VAS. C1-C2 RR mobility regressed to of C1-C2 RR, 1 st rib. Postural re-education. Myofascial mobilization signifi cant, with increased TOP. and muscle stretching continued. restriction and thereby affect the remaining headache complaints. Before performing the C1-C2 HVLA gapping manipulation technique as described by Hartman 48 (Fig. 7) , the alar odontoid integrity test 24, 48 , the Sharp-Purser test 48 , and the VAT 12, 48 were performed to identify potential contraindications to this technique. The VAT has traditionally been recommended as a pre-manipulation test to screen for vertebral artery pathology that could lead to higher incidence of adverse effects following HVLA thrust manipulation. However, as noted above, the clinical usefulness of this test has recently been questioned and its construct and predictive validity has been debated in the literature [33] [34] [35] . Thiel and Rix 49 asserted that careful history taking and physical examination could identify those patients at risk for vertebral artery pathology, and that provocative testing was very unlikely to provide additional useful information. Upper cervical ligamentous stability testing is routinely performed to evaluate the ligamentous integrity of the subcranial region 50 . The Sharp-Purser test is used to evaluate anterior C1-C2 stability 48 . Uitvlugt and Indenbaum 51 reported a predictive value of this test of 85%, a specifi city of 96%, and a sensitivity of 85% albeit in a population of patients diagnosed with rheumatoid arthritis. Cattrysse et al 50 reported the intrarater reliability of this test in a population of patients with Down's syndrome as fair to substantial (κ=0.29-0.67); interrater reliability was poor to substantial (κ=0.09-0.67). No psychometric data could be identifi ed in the literature for the alar odontoid integrity test. We acknowledge that the psychometric data available for the ligamentous stability tests for the upper cervical spine is insuffi cient for confi dent diagnostic decisionmaking in this particular patient.
We also recognize the diagnostic uncertainty with which a clinician is faced in the absence of substantive data on diagnostic and predictive accuracy for the tests and measures in history and physical examination purported to establish a contraindication to the use of HVLA in the upper cervical spine. However, it should be noted that Di Fabio 52 described the risk of cervical HVLA thrust manipulation in the cervical spine as similar to low-velocity manipulation and mobilization. Also, with no fi ndings in the history and physical examination and after obtaining informed consent from the patient, the use of this upper cervical HVLA technique seemed appropriate to both the treating clinician and the patient. An additional rationale for using this technique was that the use of the grade III-IV joint manipulations described earlier had been effective for restoring most joint restrictions with exception of C1-C2 right ROT, which was a likely remaining source for the continued headaches. In addition, localized right C1-C2 muscle guarding was present, which had increased in intensity in comparison with the prior visits. The grade III and IV joint manipulations were painful and caused increased muscle guarding, but the HVLA thrust manipulation technique was not painful and resulted in immediate localized muscle relaxation and restoration of normal joint mobility. After performing the HVLA joint manipulation, the patient's headache was immediately relieved.
Deep neck fl exor endurance training was performed in the previously described test position 41 ing the head one inch from the surface with the chin maximally retracted. The contraction time was progressively increased based on patient tolerance.
Outcomes
The patient was seen for a total of 16 visits over a 9-week period of time. The initial frequency of treatment was 3 times per week and was gradually decreased to once weekly during Weeks 6-9 to monitor progression of the home program. At time of discharge, the patient had reported no headaches for three weeks. Her NDI score had decreased to 3/50 from an initial level of 20/50, which indicated that a clinically meaningful change had occurred based on the minimal clinically important difference of 7 points 16 . The VAS pain scale score ranged from 0-5 (mm) with some daily variation, compared to a maximal initial level of 80 (mm), which represented a true change based on a minimal detectable change of 28 (mm) 16 . The location of the remaining pain was in the upper thoracic region.
Active cervical range of motion assessed by visual estimation had normalized. Segmental PIVM tests of the subcranial, mid-cervical, and thoracic joints that were initially identifi ed as hypomobile now revealed normal range and end-feel, and did not reproduce pain. Moderate hypermobility of the C5-C6 vertebral segment on PIVM testing remained unchanged but as this passive test is not a test of functional stability, this test result was expected. Muscle length of upper trapezius, pectoralis minor, and levator scapulae muscles 48 .
Fig. 7. C1-C2 high-velocity, low-amplitude gapping manipulation technique as described by Hartman
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was normal upon re-evaluation. Neck fl exor endurance 41 (compared to  21 st percentile initially), and in the 80 th percentile of the symptomatic group (compared to 32 nd percentile initially); both scores seem to indicate normalization of this impairment identifi ed on the initial evaluation. Strength of the lower trapezius and serratus anterior muscles had increased to 5/5. Postural awareness and control had improved, with the patient able to reproduce and maintain corrected posture for extended periods of time, i.e., >5 (min) as compared to being unable to hold corrected posture for 30 (sec) on the initial evaluation. The patient was contacted 6 months and 1 year after discharge, and at both instances she reported that her status was essentially unchanged from the time of discharge indicating positive long-term effects in addition to the positive effects noted upon discharge from PT treatment as described above.
Discussion
This case report describes the PT differential diagnosis, management, and outcomes of a patient with cervicogenic headache. The patient was a 40-year-old woman referred by her physiatrist with complaints of cervical pain and ipsilateral temporal headache. The patient presented with increased muscle tone, multiple-level cervical and thoracic joint hypomobility, muscle weakness, and postural changes. We used the VAS and NDI as self-report standardized and validated outcome measures. Management consisted of various thrust and non-thrust manipulations, soft tissue mobilizations, postural re-education, and exercise to address the identifi ed impairments noted above. At discharge, the patient demonstrated clinically meaningful improvements with regard to pain, disability, and headache intensity and frequency. The patient's improvement on the NDI and VAS outcomes measures exceeded the minimal clinically important difference and minimal detectable change reported for these measures, respectively, and thus represented a clinically meaningful and true change, respectively, in patient status. This case report indicates that a multimodal PT treatment program including OMPT using thrust and non-thrust joint manipulation and soft tissue techniques, exercise, and education may be effective in the management of a patient diagnosed with cervicogenic headache.
It has been suggested that there is a direct relationship between cervical joint dysfunction and headaches. Bogduk and Marsland 53 used diagnostic cervical medial branch and zygapophyseal joint blocks to identify the C1-C2 and C2-C3 joints as a source of head and neck pain in 24 patients with neck pain and headache. Aprill et al 54 assessed the pain referral patterns of cervical facet joints by analyzing pain distribution charts from 10 patients and confi rming the suspected segmental location of the symptomatic joint by using diagnostic joint blocks; their study showed that pain from C2-C3 was distinguished from C3-C4 by referral pattern of the former into the head (Fig. 8) . The relationship between cervical muscle hypertonicity and headache generation was studied by Hack et al 55 . Anatomical research had shown that a connective tissue band existed between the rectus capitis posterior minor muscle and the posterior atlanto-occipital membrane. This membrane was attached to the underlying spinal dura. Contraction of the rectus capitis posterior minor muscle was hypothesized to cause tension on the dura mater and thereby produce a headache. Bogduk 56 described a direct anatomical relationship of the dura mater of the upper cervical cord, posterior cranial fossa, and the ventral rami of the upper three cervical nerves. Painful joint dysfunction of the upper three segments was therefore a possible pain source in cervical headaches. Zito et al 30 investigated the presence of cervical musculoskeletal impairments in subjects with cervicogenic headaches, migraines with aura, and control subjects and found that the cervicogenic headache group had signifi cantly less range of motion in cervical fl exion/extension, a signifi cantly higher incidence of painful upper cervical joint dysfunction, and a signifi cantly higher incidence of muscle tightness. These authors also reported that manual examination of the upper cervical facet joints could discriminate between the cervicogenic headache group and the other groups combined with a sensitivity of 80%.
When presented with any patient, the physical therapist fi rst needs to decide if this patient indeed belongs in physical therapy. One aspect of this screening process is to determine whether the signs and symptoms identifi ed during history and physical examination indeed match the medical diagnosis provided. Findings that would indicate a discrepancy between actual patient presentation and medical diagnosis would indicate the need to at least contact the referring physician. In the case of a patient with headache, it is important that the physical therapist is aware of other headache types that may closely resemble cervicogenic headache but that either present an indication for medical management, pose a contraindication to PT intervention, or at the very least are not amenable to (sole) PT management. The pattern identifi ed in the review of the literature above of cervical joint dysfunction, postural changes, muscular dysfunction, and cervical headaches was present in the case presented in this paper. Following the physical examination and analysis of data, we concluded that the patient had headache symptoms and cervical joint and muscular dysfunction that might be related to each other. Headaches can be classifi ed in three major types: vascular, traction (infl ammatory), and headache of musculoskeletal origin 24 . Vascular headaches include migraines, cluster headaches, toxic vascular, and hypertensive headaches. The patient's headache symptoms were not vascular in origin because they did not follow the typical migraine or cluster headache description, and the patient did not show any signs of toxic vascular or hypertensive disease in her medical history. Traction or infl ammatory headaches are caused by mass lesions, such as tumors, edema, haematoma, diseases of the eye, ear, nose, and throat, or by occlusive vascular disease. The patient's medical history and physical examination did not reveal any warning signs associated with this type of headache, such as vomiting associated with nausea, sleepiness, dimmed vision, or a stiff neck with severe rapidly increasing headache.
Headaches of musculoskeletal origins are the tensiontype headache and the cervicogenic or cervical headache as described by IHS 2 . The patient presented with signs and symptoms characteristic of cervical headache. The major fi ndings that led to this diagnosis were (a) unilateral headaches and suboccipital pain, aggravated by certain head movements and prolonged fl exed posture; (b) cervical joint dysfunction; (c) muscle hypertonicity, tenderness, and decreased extensibility; and (d) abnormal posture and pathology reported in the radiological examination. Other relevant clinical fi ndings in this case were hypermobility of one cervical level (C5-C6), upper and mid-thoracic joint restrictions, and the presence of decreased strength and endurance in specifi c postural musculature. Tension-type headache criteria include headache lasting from 30 minutes to 7 days, two of the criteria of pressing/tightening quality, mild to moderate intensity (not inhibiting activity), bilateral location, not aggravated by walking or stair climbing, no vomiting, nausea, or presence of photophobia. Since this patient presented with unilateral, high-intensity headaches that were of long duration, were aggravated by activity, and affected the patient's function, it was felt that the criteria for tension-type headache were not met.
Physical therapy management within the evidencebased practice paradigm is decided by best available evidence. In many cases-including the case report discussed herebest evidence means a combination of pathophysiologic hypotheses and research evidence. A limited number of studies have investigated the outcomes of various interventions for the treatment of cervicogenic headaches. We performed a review of the literature using computerized literature searches of the following databases: CINAHL, FirstSearch (incl. MedLine), OVID, ProQuest, and ScienceDirect. We used MeSH terms and other keywords including cervicogenic headaches, physical therapy, manual therapy, manipulation, mobilization, and exercise. The results of this literature review supported the diagnosis and management of this patient. The effectiveness of treatment of this case is comparable with the outcomes described in the literature. A recent clinical trial by Jull et al 6 involving 200 patients with cervicogenic headaches, compared the effect of various combinations of specifi c strengthening and endurance exercises of the deep neck fl exors and other postural muscles, and manual therapy treatment of the cervical joints. That study used four treatment groups: manipulative therapy group, exercise group, combined manipulative therapy and exercise group, and a control group. Outcomes measures included the frequency of headaches, headache intensity and duration, the Northwick Park Neck Pain Index, medication intake, and patient satisfaction. Patients who received active exercise, manual therapy, or a combination of active exercise and manual therapy displayed signifi cantly better outcomes (frequency of headaches, pain intensity, neck pain) than the control group. This effect was maintained at the 12-month follow-up. There was no statistically signifi cant difference in outcomes among the different treatment groups; however, 10% more patients experienced relief with the combination of manipulative therapy and exercise than with any of these interventions alone. Nilsson 57 conducted an RCT of 53 subjects with cervicogenic headache, comparing the outcomes of HVLA manipulation of the cervical spine to a control group who received low-level laser treatment and deep friction massage. The intensity, duration, and frequency of headaches were signifi cantly reduced in the HVLA manipulation group immediately following the 3-week treatment protocol; however, long-term follow-up was not performed. Gross et al 58 performed a Cochrane systematic review of 33 randomized clinical trials evaluating the effectiveness of manipulation and mobilization compared to other forms of conservative therapy for the treatment of mechanical neck disorders. These authors concluded that strong evidence exists for the effectiveness of multimodal care (manipulation and/or mobilization in combination with exercise) in the treatment of mechanical neck disorders with or without headache; however, they did not fi nd evidence for the effectiveness of manipulation and/or mobilization done as the only intervention. Molina 8 performed a review of clinical trials, descriptive studies, and case reports regarding the treatment effi cacy of manipulation related to upper cervical spine dysfunction and cervical headaches. Effi cacy studies were described measuring the effect of manipulation on symptoms, cervical mobility, and proprioception-dependent per- formance. The outcome of these studies showed a moderate to good effectiveness of treatment measured during or immediately post-treatment and moderate long-term (3 to 6 months post-treatment) effectiveness; however, the author noted that the descriptions of the study designs and specifi city of the description of interventions used were insuffi cient in a number of the studies reviewed, and the number of quality studies was limited. A recent study 59 evaluating the methodological quality of RCTs of spinal manipulation and mobilization in the treatment of headaches reached a similar conclusion that the number of studies in this area is limited, and that the methodological quality of these papers is typically low. The authors identifi ed the clear need for additional high-quality RCTs in this area.
A forward head posture and weakness of the upper cervical fl exors has been commonly observed in headache patients 60, 61 . Watson and Trott 5 investigated the relationship between forward head posture and weakness of the upper cervical fl exor musculature in cervical headache patients. In this study, 60 female subjects, aged 25-40, were divided in two groups (headache and non-headache group). The protocol to examine the subjects consisted of lateral photographs of natural head posture, isometric strength and endurance testing of upper cervical fl exor muscle group, passive intervertebral movement testing, and the completion of a questionnaire (by the headache group). The headache group was found to be signifi cantly different from the non-headache group with respect to increased forward head posture, less isometric strength, and less endurance of the upper cervical fl exor musculature. It was concluded that cervical headache patients exhibited forward head posture and demonstrated weakness and lack of endurance of the upper cervical fl exor musculature. The authors found a signifi cant relationship of endurance and forward head posture in cases of cervical headaches as analyzed by the Chi-square test (χ 2 = 13.7, p <0.01), in that lower endurance values corresponded with a more pronounced forward head posture. They concluded that management of patients with cervical headaches should emphasize postural correction and re-education in addition to specifi c endurance training of upper cervical fl exor musculature.
Primary impairments (abnormalities of structure or function 62 ) can result in the development of secondary impairments. For this patient, we considered it likely that signifi cant restrictions of the cervico-thoracic junction and mid-thoracic region, in combination with postural defi cits (primary impairment), resulted in the subcranial dysfunction (secondary impairment). Restrictions in both subcranial and thoracic spine could then have caused increased stress to the C5-C6 segment, resulting in its hypermobility. Prolonged positioning of the head in forward head position and of the shoulders in a rounded position could have resulted in the observed adaptive shortening of the pectoralis minor and major, the upper trapezius muscles, and the right levator scapulae muscle, and decreased strength of the scapular stabilizing muscles. The muscle weakness and the resulting inability to maintain a corrected posture for any length of time might also have been one of the underlying causes of the patient's postural defi cits.
This case report describes a multimodal treatment approach to management of cervical headaches patients by physical therapists. This multimodal treatment approach was based on a combination of the evidence provided in the literature and pathophysiologic hypotheses. Manipulation techniques, including HVLA thrust, appear to be effective interventions for the management of cervical joint dysfunction when integrated in a comprehensive treatment approach. Several studies described the importance of postural correction and the specifi c endurance training of the deep cervical fl exors [3] [4] [5] [6] 8 . It is essential that underlying impairments of decreased mobility, strength, endurance, and postural control be addressed in addition to managing subjective symptoms. A comprehensive treatment approach emphasizing the restoration of normal joint mobility, strengthening of specifi c postural muscle groups, postural retraining, and patient education in self-management skills may provide long-term treatment success. Of course, the format of a case report does not allow us to infer a cause-andeffect relationship between intervention and reported outcomes and indicates the need for further outcome studies in this area. This case report also clearly identifi ed the need of further research in the area of psychometric properties of a number of tests and measures used in the evaluation of patients with cervicogenic headaches, including upper cervical ligament stability testing, evaluation of muscle tone, postural analysis, and methods used for manual diagnosis.
Conclusion
This case report illustrates the PT differential diagnosis, management, and outcomes of a patient diagnosed with cervicogenic headaches. This patient presented with headache symptoms matching the classifi cation of cervicogenic headache as defi ned by the IHS 2 , dysfunctions in the subcranial, the mid-cervical, and thoracic joints, decreased strength and endurance in postural musculature, and postural defi cits. A multimodal PT treatment approach was used based on evidence in the literature and pathophysiologic hypotheses, and it included the use of non-thrust and thrust manipulation techniques, therapeutic exercise, and postural correction. Clinically meaningful short-and long-term improvements with regard to pain, disability, and headache were reported with at least a temporal relation to this treatment approach. Physical therapy management of the cervical headache patient should address all identifi ed impairments with interventions including non-thrust joint manipulation, HVLA thrust manipulation, soft tissue manipulation and stretch-
